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ABSTRACT 



A multiuser interference canceler which is used in a 
DS-CDMA (direct sequence-code division multiple access) 
communication system and is capable of preventing recep- 
tion quality from being degraded. In a serial multiuser 
interference canceler which has cascaded blocks each hav- 
ing an interference canceler units (ICUs) for generating 
interference replica signal, preliminary demodulators for 
measuring reception quality of the signals of the users in the 
received signal are provided. If the reception quality of 
output signals from the preceding block is more degraded 
than the reception quality measured by the preliminary 
demodulators, then each of the interference canceler units 
determines that the reception quality has been degraded by 
an interference cancellation process in the preceding block, 
and controls the interference canceler unit in the preceding 
block to turn off the outputting of the interference repbca 
signal. 

13 Claims, 9 Drawing Sheets 




PRELIMINARY 
DEMODULATING 
STAGE 



08/26/2004, EAST Version: 1.4.1 



U.S. Patent Jun. 24, 2003 Sheet 1 of 9 



US 6,584,115 Bl 




FIRST 
STAGE 



SECOND 
STAGE 



THIRD 
STAGE 



FIG. 1 
(PRIOR ART) 



08/26/2004, EAST Version: 1.4.1 



U.S. Patent 



Jun. 24, 2003 Sheet 2 of 9 US 6,584,115 Bl 




08/26/2004, EAST Version: 1.4.1 



U.S. Patent Jun.24,2003 Sheet 3 of 9 US 6,584,115 Bl 




08/26/2004, EAST Version: 1.4.1 



U.S. Patent Jun. 24, 2003 Sheet 4 of 9 



US 6,584,115 Bl 




PRELIMINARY 
DEMODULATING 
STAGE 



FIRST 
STAGE 



SECOND 
STAGE 



THIRD 
STAGE 



FIG. 4 



08/26/2004, EAST Version: 1.4.1 



U.S. Patent Jun.24,2003 Sheet 5 of 9 US 6,584,115 Bl 




08/26/2004, EAST Version: 1.4.1 



U.S. Patent Jun. 24, 2003 Sheet 6 of 9 US 6,584,115 Bl 



14a~14c 



CANCELLATION 
ON/OFF CENTRAL 
CONTROLLER 



161^168-^ 



.66 



453 ^-45i~458 
oV 42a 456 43a 19a 



457 l A 3t y 9b 




FIRST 
STAGE 



SECOND 
STAGE 



THIRD 
STAGE 



FIG. 6 



08/26/2004, EAST Version: 1.4.1 



U.S. Patent Jun. 24, 2003 Sheet 7 of 9 



US 6,584,115 Bl 



13 


t 


£3 


t 


o 


f 




aaaooaa 




b3QO03Q 




aaaooaa 



o 

Li. 




08/26/2004, EAST Version: 1.4.1 



U.S. Patent 



Jun. 24, 2003 Sheet 8 of 9 US 6,584,115 Bl 



c 



START 



RECEIVE RECEPTION 
CHARACERISTIC SIGNALS 
FROM ICUs 



102 



CANCEL INTERUPTION OF INTER- 
FERENCE CANCELLATION FOR ICU 
WHOSE RECEPTION CHARACTERIS- 
TIC EXCEED CERTAIN LEVEL 




INTERRUPT INTERFERENCE 
CANCELLATION FOR ICU HAVING 
WORST RECEPTION CHARACTERISTIC 
AMONG ICUs IN FIRST STAGE 




INTERRUPT INTERFERENCE 
CANCELLATION FOR ICU HAVING 
WORST RECEPTION CHARACTERISTIC 
AMONG ICUs IN SECOND STAGE 



106 



FIG. 8 



08/26/2004, EAST Version: 1.4.1 



U.S. Patent 



Jun. 24, 2003 Sheet 9 of 9 



US 6,584,115 Bl 




08/26/2004, EAST Version: 1.4.1 



US 6,584,115 Bl 

1 2 

MULTIUSER INTERFERENCE CANCELER ference canceler and a parallel multiuser interference can- 

FOR DS-CDMA SYSTEM celer. The principles of the serial multiuser interference 

canceler are described in Technical Report (RC95-50) of the 
Institute of Electronics, Information and Communication 

BACKGROUND OF THE INVENTION 5 Engineers, "Sequential channel estimating serial canceler 

using a pilot symbol in DS-CDMA", for example. Japanese 

1. Field of the Invention laid-open patent publication No. 09-270736 (JP, 09270736, 
The present invention relates to a DS-CDMA (Direct A) entitled "DC-CDMA multiuser serial interference can- 
Sequence- Code Division Multiple Access) system which is celer device" discloses a type of serial multiuser interference 
one of CDMA communication systems, and more particu- 10 cance l er - 

larly to a multiuser interference canceler, which is used in a The conventional serial multiuser interference canceler 

DS-CDMA system, for processing a received signal con- disclosed in the above publication is shown in FIG. 1. 

taming spread signals from a plurality of users to remove The serial multiuser interference canceler shown in FIG. 

signals of other users from a signal of each user and 1 is designed for three users and comprises first, second, and 

thereafter decode the signal of each user. 15 third stages for effecting an interference cancellation process 

2. Description of the Related Art m interference replica signal and three decoders 
1 . * . . . 19a-19c. Each of the first, second, and third stages com- 
Id recent years, CDMA communication systems that are rfses ffiree Wocks me ^ muUiuser interfer- 

resistant to interference and jamming have attracted much ence canceler has , total of nine blocks 

attention as mobile communication systems. In a CDMA ~- . , , . 

„ • . _ j «n These mne blocks have respective interference canceler 

communication system, a transmitting station spreads a user 20 r 

• 1 in k- a **u _ ~? j j . umts (ICUs) 61a, 61b, 61c, 62a, 62b, 62c, 63a, 63b. 63c. 

signal to be transmitted with a spreading code and transmits D . / , ' . ' ' T * * 

#k. r~ r ~,A ,™ o*™i a JL- • * j 1 .< Each of the blocks also has, in addition to the ICU, a delay 

the spread user signal, and a receiving station despreads the /tyij u* ^ JJT - t 

received user signal with a spreading code which is the same ZTZ I r,l Tf °J "* Tri^ ' 

as the spreading code in the transmuting station for thereby ^ ^ block ° f ,h . c fi "S e T^JT*™ P u 61 f 

obtaining the original user signal. 25 delay memory 3, and a subtracjor 4, and he first block of the 

i . ™ w » . , ,. second stage comprises an ICU 62a, delay memories 5 and 

In the CDMA communication system, a plurality of 7> „, adder 8> and a subtractor 6. Each of the second and 

transmitting stations spread user signals with different third blocks of the first stage is identical in structure to the 

orthogonal spreading codes, and a plurality of receiving first block of me flrst stage . o£ the blocks of me 

stations select respective spreading codes for use in and third stages, except the third block of the third stage, is 

despreading the received user signals for thereby specifying identical in structure to the first block of the second stage, 

the respective user signals. Consequently, a common fre- Each of the ICUs 6U a 63fl ates an interference 

quency band can be used to transmit a plurality of the user fa ^ whfch fc , he same sj ^ nenl of 

signals from the transmittmg staUons to the receiving sta- me ^ ^ Eacb of ^ ICUs 6U 62 * ab ^^les an 

3 5 interference replica signal which is the same as the signal 

However, because not all spreading codes are made component of the second user. Each of the ICUs 61c, 62c, 

orthogonal to each other, the signal of a user may possibly 63c generates an interference replica signal which is the 

serve as noise with respect to another user, resulting in samc as the signal component of the third user, 

interference. Therefore, if a plurality of users use a link with The arrangement of the ICU 61a, as an example of the 

a common frequency within one cell, the signals of the users ICUs 6 l fl ^63c, will be described below with reference to 

tend to interfere with each other, resulting in a reduction in pjQ 2 

the bit energy to noise ratio (Eb/No) which is the ratio of the The ' ICU 61fl ises a lura|it of despreaders 

desired reception wave power to interfering wave power _ n n , fake combiner 2fi a ^ ^ and 

Because the Eb/No determines the quality of lufali , of respreaders 72j _ 7 2„. Eacb of the despreaders 

communications, it is necessary to attain an Eb/No having at 7. „ . ., > t . „_ 

. . . . . ..... . . . ,. , 45 71j-71_ comprises a pair 01 multipliers 22 and 25, an 

least a certain value in order to obtain a desired quahty of m f ^ and a transmission £ ath estimalor 34 A 

communications. Such an Eb/No having at least a certain received ^ , 1 ^ fa Ued , 0 ^ ICU fl ^ mm _ 

value is referred to as a required Eb/No. i- j u j 0 , t . , 

^ ' plied by a spreading code Ca by the multiplier 22, and then 

The number of links that can use a common frequency integrated by the integrator 23, which produces a correlated 

within one cell is limited to a number that can maintain the 50 va i ue . The transmission path estimator 24 determines a 

required Eb/No. For increasing a system capacity for transmission path fading vector § from the correlated value 

subscribers, any interference between communication links determined by the integrator 23. The multiplier 45 multiplies 

must be lowered. me ^^^^(1 value from the integrator 23 by the inverse % 

One proposed method of reducing any interference within of the transmission path fading vector £ from the transmis- 

cells, increasing a system capacity for subscribers, or 55 sion path estimator 24 for thereby performing phase correc- 

improving the quality of communications in the DS-CDMA tion for the received signal. 

communication system is a multiuser interference canceling The received signals from paths which have been cor- 

method which employs a multiuser interference canceler. rected in phase by the multipliers 25 of the despreaders 

The multiuser interference canceling method is a method 71 1 -71„ are combined by the rake combiner 26, and the 

in which when a received signal containing the signals of a 60 combined signal is decoded into an original symbol 

plurality of users is to be demodulated by a spreading code sequence by the decision unit 27. Since the rake combiner 26 

of a certain user, an interference replica component which is and the decision unit 27 are of general nature in the CDMA 

the same as a signal component other than the user is communication system and do not have direct bearing on the 

generated and subtracted from the received signal to be operation of the multiuser interference canceler, they will 

demodulated in a multiplicity of stages for thereby reducing 65 not be described in detail below. However, those skilled in 

interference from the other users. There are two types of the art will be able to construct the rake combiner 26 and the 

multiuser interference cancelers, i.e., a serial multiuser inter- decision unit 27 with ease. 



08/26/2004, EAST Version: 1.4.1 



US 6,584,115 Bl 



Each of the respreaders 12 1 -12 n comprises a pair of 
multipliers 28 and 29. In each of the respreaders 72j-72„, 
the multiplier 28 multiplies the original symbol sequence by 
the transmission path fading vector % of one of the paths to 
impart original transmission path characteristics to the origi- 5 
nal symbol sequence. Thereafter, the original symbol 
sequence is spread with the spreading code Ca by the 
multiplier 49. The signals from the respreaders 72j-72 M are 
combined into a chip-rate interference replica signal 81a, 
which is outputted from the ICU 61a. 10 

Id FIG. 2, the signal supplied from the rake combiner 26 
to the decision unit 27 is branched and outputted to an 
external circuit. Such a signal branching arrangement is 
included in only the ICUs 63a, 636, 63c in the third stage. 
From the ICUs 63a, 63/?, 63c, the signals are supplied to the 15 
decoders 19a, 19b, 19c, respectively. 

For the sake of brevity, operation of the conventional 
serial multiuser interference canoe ler shown in FIG. 1 for 
demodulating the signal of the first user will be described 
below. The signals of the other users will be demodulated in 20 
the same manner as described below. 

The ICU 61a is supplied with the received signal 1, 
generates a signal which is the same as the signal component 
of the first user contained in the received signal 1, and 
outputs the generated signal as an interference replica signal 25 
81a. The delay memory 3 stores the received signal 1 and 
then outputs the received signal 1 after having delayed it for 
a certain time. The time for which the delay memory 3 
delays the received signal 1 is a time required for the ICU 
61a to generate the interference replica signal 81a. The 30 
subtractor 4 subtracts the interference replica signal 81a 
from the received signal 1 outputted from the delay memory 
3, and then outputs the differential signal. Therefore, the 
differential signal outputted by the subtractor 4 contains only 
the signal of the second user and the signal of the third user. 35 

In the second block of the first stage, the subtractor 4 
subtracts the signal of the second user from the signal 
outputted from the delay memory 3. In the third block of the 
first stage, the subtractor 4 subtracts the signal of the third 
user from the signal outputted from the delay memory 3. 

Upon completion of the processing in the first stage, 
therefore, the interference replica signals of all the users 
have been subtracted from the received signal 1, leaving a 
residual signal, which is supplied to the first block of the 
second stage. 

In the first block of the second stage, the adder 8 adds the 
interference replica signal 81a which has been delayed by 
the delay memory 7 for a certain time, to the residual signal 
from the first stage. Therefore, the output signal from the 50 
adder 8 contains only the signal component of the first user. 
The ICU 62a is supplied with the output signal from the 
adder 8, and generates and outputs an interference replica 
signal 82a. The output signal from the adder 8 is also 
supplied to the delay memory 5, which delays the signal for 55 
a certain time and outputs the delayed signal to the subtrac- 
tor 6. The subtractor 6 subtracts the interference replica 
signal 82a from the delayed signal from the delay memory 
5. 

The signal outputted from the subtractor 6 after the 60 
processing in the first block of the second state is a residual 
signal that does not contain any signals of the users. 

The same processing as described above is carried out in 
the second block of the second stage through the third block 
of the third stage. 65 

In each of the blocks of the third stage, the ICUs 63a-63c 
output signals from the rake combiners 26 thereof to the 



40 



45 



respective decoders 19a-19c. The decoders 19a through 19c 
finally decode the supplied signals. 

The signals handled in the first to third stages of the 
conventional serial multiuser interference canceler are all 
chip-rate signals. 

The conventional parallel multiuser interference canceler 
will be described below with reference to FIG. 3. The 
parallel multiuser interference canceler shown in FIG. 3 is 
also designed for three users as with the serial multiuser 
interference canceler shown in FIG. 1. Those parts of the 
parallel multiuser interference canceler shown in FIG. 3 that 
are identical to those shown in FIG. 1 are denoted by 
identical reference numerals. 

As shown in FIG. 3, the parallel multiuser interference 
canceler comprises first, second, and third stages, and three 
decoders 19a-19c. The first stage comprises a delay memory 
51, three ICUs 61a-61c, an adder 57, a subtractor 54, and 
three adders 58a-58c. The second stage comprises a delay 
memory 52, three ICUs 62o-62c, an adder 59, a subtractor 
55, and three adders 60a-60c. The third stage comprises a 
delay memory 53, three ICUs 63a-63c, an adder 64, a 
subtractor 56, and three adders 65a-65c. 

In the first stages, the ICUs 61a-61c, which are connected 
parallel to each other, generate respective interference rep- 
lica signals 81o-81c which are the same as the signal 
components of the first to third users. The interference 
replica signals 81a-81c are combined by the adder 57 into 
a signal that is subtracted by the subtractor 54 from a 
received signal 1 that has been delayed for a certain time by 
the delay memory 51. Therefore, the subtractor 54 outputs a 
residual signal that is free of the interference replica signals 
of all the users. The residual signal is then added to the 
interference replica signals 81a-81c in the first stage by the 
adders 58a-58c. The interference replica signals 81a-81c to 
which the residual signal has been added are supplied to the 
respective ICUs 62a-62c of the second stage. 

The second and third stages also perform the same 
processing operation as the processing operation, described 
above, of the first stage. The decoders 19a-19c finally 
decode respective signals supplied from the third stage. 

In the above conventional multiuser interference canceler, 
the interference replica signal is estimated and reproduced 
from the received signal, and the interference replica signal 
is subtracted from the received signal. Therefore, the accu- 
racy with which the interference replica signal is reproduced 
significantly affects the characteristics of the interference 
canceler. Factors which are responsible for the accuracy with 
which the interference replica signal is reproduced are the 
accuracy of the transmission path fading vector § extracted 
by the transmission path estimator 24 in each ICU and the 
error ratio of the hard decision result carried out by the 
decision unit 27 after the rake combining. 

The transmission path fading vector £ represents an 
estimation of characteristics added on the transmission path 
of the interfering user, and the hard decision value represents 
an estimation of the transmitted sequence. Either one of the 
transmission path fading vector £ and the hard decision 
value is closely related to the ratio of desired signal power 
to noise power of the received signal. As the ratio of desired 
signal power to noise power is deteriorated, the error of the 
transmission path fading vector ^ and the error rate of the 
hard decision value are rendered poorer. Therefore, the 
accuracy with which the interference replica signal is repro- 
duced is also reduced. While the ratio of desired signal 
power to noise power may be expressed as "SN ratio", 
"SIR", "Eb/No", etc., it will be expressed as "Eb/No" herein. 
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The conventional multiuser interference cancelers have a 
problem in that since interference replica signals are uni- 
formly reproduced for interference cancellation even when 
the Eb/No is low, the reception quality is degraded in regions 
where the Eb/No of the received signal is low. 5 

In the actual environments of mobile communication 
systems, furthermore, the reception quality is sometimes 
degraded by time-dependent changes due to fading of indi- 
vidual signals and external noise when the multiuser inter- 
ference canceler is operated in regions where the Eb/No of 10 
the received signal is not significantly low. 

Consequently, the conventional multiuser interference 
cancelers have suffered the following disadvantages: 

(1) The reception quality is degraded when interference 
cancellation is performed in regions where the Eb/No 15 
of the received signal is low. 

(2) If the received signal suffers time-dependent changes 
due to fading of individual signals and external noise, 
then the reception quality may be also degraded when 2Q 
the multiuser interference canceler is operated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
multiuser interference canceler which is capable of prevent- 2 s 
ing reception quality from being degraded in all operating 
environments. 

According to a first aspect of the present invention, there 
is provided a DS-CDMA multiuser interference canceler for 
processing a received signal containing spread signals from 30 
a plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 
user, comprising a first stage comprising a plurality of 
series-connected blocks having respective first interference 
canceler units associated respectively with the users, for 35 
generating and outputting interference replica signals which 
are identical to signal components of the users, and respec- 
tive first subtracting means for subtracting the interference 
replica signals from the received signal, a plurality of second 
stages comprising a plurality of series-connected blocks 40 
having respective adding means associated respectively with 
the users, for adding interference replica signals of the users 
generated in a preceding stage to signals from a preceding 
block, respective second interference canceler units for 
generating again interference replica signals which are iden- 45 
tical to the signal components of the users from output 
signals from the adding means, and respective second sub- 
tracting means for subtracting the interference replica sig- 
nals which have been generated again from the output 
signals from the adding means and outputting differential 50 
signals to a next block, a plurality of decoding means for 
decoding symbols generated in a final one of the second 
stages, and a plurality of preliminary demodulating means 
for measuring reception quality of the signals of the users 
contained in the received signal, each of the first and second 55 
interference canceler units comprising means for controlling 
an interference canceler unit in a preceding block to turn off 
the outputting of the interference replica signal if the recep- 
tion quality of output signals from the preceding block is 
more degraded than the reception quality of the signals of 60 
the users which has been measured by the preliminary 
demodulating means. 

In the above DS-CDMA multiuser interference canceler, 
which is of the serial type, if the reception quality of output 
signals from the preceding block is more degraded than the 65 
reception quality of the signals of the users which has been 
measured by the preliminary demodulating means, then each 
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of the interference canceler units determines that the recep- 
tion quality has been degraded by an interference cancella- 
tion process in the preceding block, and controls the inter- 
ference canceler unit in the preceding block to turn off the 
outputting of the interference replica signal. The DS-CDMA 
multiuser interference canceler is therefore capable of pre- 
venting the reception quality from being degraded by an 
interference cancellation process. 

According to a second aspect of the present invention, 
there is provided a DS-CDMA multiuser interference can- 
celer for processing a received signal containing spread 
signals from a plurality of users to remove signals of other 
users from a signal of each user and thereafter decode the 
signal of each user, comprising a first stage comprising a 
plurality of series-connected blocks having respective first 
interference canceler units associated respectively with the 
users, for generating and outputting interference replica 
signals which are identical to signal components of the 
users, and measuring reception quality of the signals of the 
users, and respective first subtracting means for subtracting 
the interference replica signals from the received signal, a 
plurality of second stages comprising a plurality of series- 
connected blocks having respective adding means associ- 
ated respectively with the users, for adding interference 
replica signals of the users generated in a preceding stage to 
signals from a preceding block, respective second interfer- 
ence canceler units for generating again interference replica 
signals which are identical to the signal components of the 
users from output signals from the adding means and 
measuring reception quality of the signals of the users, and 
respective second subtracting means for subtracting the 
interference replica signals which have been generated again 
from the output signals from the adding means and output- 
ting differential signals to a next block, a plurality of 
decoding means for decoding symbols generated in a final 
one of the second stages, a plurality of preliminary demodu- 
lating means for measuring reception quality of the signals 
of the users contained in the received signal, and cancella- 
tion on/off central control means for controlling an interfer- 
ence canceler unit in an either one of the stages preceding 
the one of the second stages to turn off the outputting of the 
interference replica signal if the reception quality measured 
by the second interference canceler units in one of the 
second stages is more degraded than the reception quality of 
the users measured by the preliminary demodulating means, 
until the reception quality measured by all the interference 
canceler units in said stage becomes better than the reception 
quality of the users measured by the preliminary demodu- 
lating means. 

In the above DS-CDMA multiuser interference canceler, 
which is of the serial type, all the information of the 
reception quality measured by the interference canceler units 
is supplied to the cancellation on/off central control means, 
which makes an appropriate decision to determine an inter- 
ference canceler unit which is to turn off an interference 
cancellation process. Therefore, the turning on and off of the 
interference cancellation process in the interference canceler 
units in each block can adequately be controlled. The 
interference canceler unit controlled to turn off the output- 
ting of the interference replica signal should preferably be 
one of the interference canceler units, whose reception 
quality is worst, in a stage preceding said stage. 

According to a third aspect of the present invention, there 
is provided a DS-CDMA multiuser interference canceler for 
processing a received signal containing spread signals from 
a plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 



08/26/2004, EAST Version: 1.4.1 



US 6,584,115 Bl 

7 8 

user, comprising a first stage comprising a plurality of first FIG. 5 is a block diagram of an ICU in the serial multiuser 

interference canceler units associated respectively with the interference canceler shown in FIG. 4; 

users for generating and outputting interference replica FIG. 6 is a block diagram of a serial DS-CDMA multiuser 

signals which are identical to signal components of the j^fe^ canceler accord 

roe to a second embodiment of 

users, and measuring reception quality of the signals of the 5 tfae ^ mvention . 

users, first adding means for adding the interference replica v . ' 

signals, and first subtracting means for subtracting an output F1 p 7 is a block diagram of a parallel DS-CDMA 

signal of the first adding means from the received signal, a multiuser interference canceler according to the second 

plurality of second stages comprising a plurality of second embodiment of the present invention; 

adding means associated respectively with the users, for 1Q FIG. 8 is a flowchart of an operation sequence of the 

adding interference replica signals of the users generated in multiuser interference canceler shown in FIG. 7; and 

a preceding stage to signals from a preceding stage, respec- FIG. 9 is a block diagram of an ICU in a DS-CDMA 

live second interference canceler units for generating again multiuser interference canceler according to a third embodi- 

interference replica signals which are identical to the signal me nt of the present invention. 

components of the users from output signals from the second 1S 

adding means and measuring reception quality of the signals DESCRIPTION OF THE PREFERRED 

of the users, respective third adding means for adding the EMBODIMENTS 
interference replica signals generated again by the second 

interference canceler units, and respective second subtract- First Embodiment 

ing means for subtracting output signals of the third adding 2Q FIG 4 shows in block fofm a serfal DS . CDMA mumuS e r 

means from the received signal and outputting differential interference canceler according to a first embodiment of the 

signals to a next stage, a plurality of decoding means for t mvention< parts of the serial multiuser ^ 

decoding symbols generated in a final one of the second ference canceler shown ia nG 4 which are identical tQ 

stages, a plurality of preliminary demodulating means for ^ m p, G x m dcQOted b idcntkal refercncc 

measuring reception quality of the signals of the users 1$ numcra i s 

contained in the received signal, and cancellation on/off ~, ' . , . , . . 
central control means for controlling an interference can- P 16 f multiuser interference canceler shown m FIG. 4 
celer unit in an either one of the stages preceding the one of conventional multiuser interference canceler- 
the second stages to turn off the outputting of the interfer- * how ° m 1 in that it has an additional preliminary 
ence replica signal if the reception quality measured by the 3Q f T f^f*T\ n ""J 1 ™? i T *t^Tl £ 
second interference canceler units in one of the second 3 ° X f rs X ^*^^Z^$ ° f ™* 
stages is more degraded than the reception quality of the ft*** 1 ih& 2 CU * E f a ^ C °T/^°° ° f ICUs 
users measured by the preliminary demodulating means, llfl " 15c 15 . dlffcrent from of thc ICUs 61a ~^ c ' 
until the reception quality measured by all the interference Tne preliminary demodulators 10a, 106, 10c measure 
canceler units in said stage becomes better than the reception 35 and bit error rates (BERS) of the user signals con- 
quality of the users measured by the preliminary demodu- ^incd in the received signal 1, and output the measured 
lating means. results as reception quality signals 14a, 146, 14c. The 

In the above DS-CDMA multiuser interference canceler, reception quality signal 14a is supplied to the ICUs 11a, 12a, 

which is of the parallel type, all the information of the the reception quality signal 146 to the ICUs 116, 126, 

reception quality measured by the interference canceler units 40 ^ the reception quality signal 14c to the ICUs 11c, . 

is supplied to the cancellation on/off central control means, 12c ' 13c * ^ reception quality signals 14a, 146, 14c may be 

which makes an appropriate decision to determine an inter- supplied to the ICUs lla-13c in any of various ways. For 

ference canceler unit which is to rum off an interference example, they may be combined with the received signal 1 

cancellation process. Therefore, the turning on and off of the accordmg to Ume-division multiplexing process, and the 

interference cancellation process in the interference canceler 45 multl P^xed signals may be supplied to the ICUs lla-13c, 

units in each block can adequately be controlled. or mav * supP^d along other lines to the ICUs lla-13c. 

Rather than simply turning off the interference cancella- n& arrangement of the ICU 12a, as an example of the 

tion process which is liable to degrade the reception quality, ICUs H*-13c, will be described below with reference to 

the output level of the interference replica signal may be FIG. 5. 

reduced for making the reception quality more uniform. 50 As shown in FIG. 5, the ICU 12a differs from the 

The above and other objects, features, and advantages of conventional ICU 61a shown in FIG. 2 in that it has a 

the present invention will become apparent from the fol- plurality of despreaders 73 1 -73„ in place of the despreaders 

lowing description based on the accompanying drawings 71 i~ 7 K> a plurality of respreaders 74^74,, in place of the 

which illustrate examples of preferred embodiments of the respreaders 72 1 -72 M , and additionally has a bit error rate 

present invention. 55 (BER) measuring unit 33 and a quality comparison control- 

BRIEF DESCRIPTION OF THE DRAWINGS ^J 2 . f t . , A „ „ . . . 4 fc t 

Each of the despreaders 73J-73,, is similar in structure to 

FIG. 1 is a block diagram of a conventional serial mul- the despreaders 71^71^ shown in FIG. 2 except that it 

tiuser interference canceler; additionally has an Eb/No measuring unit 34. The Eb/No 

FIG. 2 is a block diagram of an interference canceler unit 60 measuring unit 34 determines an Eb/No from the correlated 

(ICU) in the conventional serial multiuser interference can- value determined by the integrator 23, and outputs the 

celer shown in FIG. 1; determined Eb/No. 

FIG. 3 is a block diagram of a conventional parallel Each of the respreaders 74^74^ is similar in structure to 

multiuser interference canceler; the respreaders 72j-72„ shown in FIG. 2 except that it 

FIG. 4 is a block diagram of a serial DS-CDMA multiuser 65 additionally has an on/off controller 30. The on/off controller 

interference canceler according to a first embodiment of the 30 outputs the signal from the multiplier 29 as an interfer- 

present invention; ence replica signal 82a if a control signal 15 4 is not applied 
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thereto, and does not output the signal from the multiplier 29 ICUs 11a 13c. The control signals lS^lSg outputted from 

as an interference replica signal 82a if a control signal 15 4 the ICUs 116-13c are supplied to the ICUs in preceding 

is applied thereto. blocks. In this manner, the interference cancellation process 

The BER measuring unit 33 serves to measure a bit error in those blocks which precede the blocks whose ICUs have 

rate of a pilot symbol (PL) of the correlated value outputted 5 detected a degradation of the reception quality is interrupted, 

from the decision unit 27 by comparing the pilot symbol In this embodiment, the reception qualities of the signal 

with a symbol pattern of a known pilot symbol. before and after the interference cancellation process are 

The quality comparison controller 32 compares the Eb/No compared, and if the reception quality is degraded by the 

measured by the Eb/No measuring unit 34 with the Eb/No of interference cancellation process, then the interference can- 

the received signal 1 which has been supplied as the recep- 10 cellation process in the preceding block is interrupted, 

tion quality signal 14a, and outputs a control signal 15 3 if the Therefore, the reception quality is prevented from being 

Eb/No measured by the Eb/No measuring unit 34 is more degraded by the interference cancellation process that is 

degraded than the Eb/No of the received signal 1, as performed as with the conventional multiuser interference 

determined from the result of the comparison. The quality cancelers. 

comparison controller 32 also compares the BER measured 15 In this embodiment, the Eb/No of the signal and the BER 
by the BER measuring unit 33 with the BER of the received of the pilot symbol before and after the interference cancel- 
signal 1 which has been supplied as the reception quality lation process are compared. However, only the Eb/No of 
signal 14a, and outputs a control signal 15 3 if the BER the signal or the BER of the pilot symbol may be compared 
measured by the BER measuring unit 33 is more degraded for controlling the turning on and off of the interference 
than the BER of the received signal 1, as determined from 20 cancellation process. However, since changes in the recep- 
the result of the comparison. Stated otherwise, if the Eb/No tion quality can be detected in greater detail by detecting 
measured by the Eb/No measuring unit 34 is more degraded both the Eb/No and the BER, the turning on and off of the 
than the Eb/No of the received signal 1 which has been interference cancellation process can be controlled with 
supplied as the reception quality signal 14a or if the BER higher accuracy when both the Eb/No and the BER are 
measured by the BER measuring unit 33 is more degraded 25 detected, 
than the BER of the received signal 1 which has been 

supplied as the reception quality signal 14a, then the quality Second Embodiment 
comparison controller 32 determines that the reception qual- FIG. 6 shows in block form a serial DS-CDMA multiuser 
ity has been made poorer by the interference cancellation, interference canceler according to a second embodiment of 
and outputs a control signal 15 3 . 30 the present invention. The serial multiuser interference can- 
As shown in FIG. 4, the ICUs lla-136 are supplied with celer according to the second embodiment differs from the 
respective control signals lSj-lSg from the ICUs ll^-ISc in serial multiuser interference canceler shown in FIG. 4 in that 
the next blocks. The 1CU 13c in the final block of the third it additionally has a cancellation on/off central controller 66 
stage does not need to have an on/off controller 30 because and a plurality of ICUs 41a-43c in place of the ICUs 
the ICU 13c is supplied with no control signal. The ICU 11a 35 lla-13c. Those parts of the serial multiuser interference 
in the first block of the first stage may be not have the quality canceler shown in FIG. 6 which are identical to those shown 
comparison controller 32, the BER measuring unit 33, and in FIG. 4 are denoted by identical reference numerals. The 
the Eb/No measuring unit 34 because it may output no reception quality signals 14a, 146, 14c are supplied to the 
control signal. cancellation on/off central controller 66, rather than the 

Operation of the multiuser interference canceler accord- ICUs 41a 43c. 

ing to the first embodiment will be described below with The ICUs 41a-43c are different from the ICU 12a shown 

reference to FIGS. 4 and 5. in FIG. 5 in that the quality comparison controller 32 is 

The preliminary demodulators 10a, 106, 10c preliminar- dispensed with, and the Eb/No measured by the Eb/No 

ily demodulate the received signal 1, measure the Eb/No of 45 measuring units 34 and the BER of the pilot symbol mea- 

the received signal 1 and the BER of the pilot symbol, and sured by the BER measuring units 33 are outputted as 

output the measured Eb/No and BER as reception quality reception quality signals 45j-45 s . 

signals 14a, 146, 14c to the ICUs lla-13c which correspond The cancellation on/off central controller 66 compares the 

to the users. reception quality signals 14a-14c with the reception quality 

At the same time, the received signal 1 is processed for 50 signals 45 1 -45 8 from the ICUs 416 43c, determines which 

interference cancellation in each of the first, second, and blocks suffer a degradation in the reception quality, and 

third stages in the same manner as with the conventional outputs control signals 16J-168 to determine those ICUs 

multiuser interference canceler shown in FIG. 1. Finally, whose interference cancellation process is to be interrupted, 

processed signals are decoded by the decoders 19a, 196, The turning on and off of the interference cancellation 

19c. 55 process in the ICUs 41a-43c is not controlled by control 

The quality comparison controllers 32 in the respective signals from the ICUs in preceding blocks, but controlled by 
ICUs lla-13c compare the reception quality represented by control signals 16^168 from the cancellation on/off central 
the Eb/No and the BERs of pilot symbols that are supplied controller 66. The ICU 43c in the final block of the third 
as the reception quality signals 14a, 146, 14c with the Eb/No stage does not need to have an on/off controller 30 because 
supplied from the Eb/No measuring units 34 and the BERs 60 the ICU 43c is supplied with no control signal. The ICU 41a 
of pilot symbols supplied from the BER measuring units 33. in the first block of the first stage does not have the quality 
If the reception quality represented by the Eb/No supplied comparison controller 32 and the BER measuring unit 33 
from the Eb/No measuring units 34 and the BERs of pilot because it outputs no reception quality signal, 
symbols supplied from the BER measuring units 33 is more FIG. 7 shows in block form a parallel DS-CDMA mul- 
degraded than those supplied as the reception quality signals 65 tiuser interference canceler according to the second embodi- 
14a, 146, 14c, then the quality comparison controllers 32 ment of the present invention. The parallel multiuser inter- 
output control signals ^-ISq depending on the respective ference canceler according to the second embodiment differs 
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from the conventional parallel multiuser interference can- 
celer shown in FIG. 3 in that it additionally has three 
preliminary demodulators 14a, 146, 14c, a cancellation 
on/off central controller 66, and a plurality of ICUs 41a-43c 
in place of the ICUs 61a-63c. Those parts of the parallel 5 
multiuser interference canceler shown in FIG. 7 which are 
identical to those shown in FIG. 3 are denoted by identical 
reference numerals. 

Operation of the multiuser interference cancelers accord- 
ing to the second embodiment will be described below. 10 
Since basic operating principles of the serial and parallel 
multiuser interference cancelers are the same as each other, 
operation of only the parallel multiuser interference canceler 
according to the second embodiment will be described 
below. FIG. 8 shows an operation sequence of the parallel 1S 
multiuser interference canceler according to the second 
embodiment shown in FIG. 7. 

In step 101, the ICUs 41a-43c supply information of 
Eb/No and BER in the ICUs 41a-43c, as represented by the 
reception quality signals 4S 1 -4S 89 to the cancellation on/off 20 
central controller 66. Then, in step 102, if the reception 
quality of a block whose interference cancellation process 
has been interrupted is improved beyond a certain level, then 
the interruption of the interference cancellation process is 
canceled. However, since there is initially no block whose 25 
interference cancellation process has been interrupted, noth- 
ing occurs at this time. 

Then, the cancellation on/off central controller 66 decides, 
in step 103, whether the reception quality of any one of the 3Q 
ICUs 42a-42c in the second stage is more degraded than the 
reception quality represented by the reception quality signals 
14a-14c. If more degraded, then the cancellation on/off 
central controller 66 outputs, in step 104, control signals 
16J-163 for turning off an interference replica signal of the 35 
ICU whose reception quality is worst among the ICUs 
41a-41c in the first stage. The processing in steps 103 and 
104 is repeated until the second stage contains no blocks in 
which reception quality is degraded. 

If the reception quality of any one of the ICUs 42a— 42c 40 
in the second stage is not more degraded than the reception 
quality represented by the reception quality signals 14a-14c 
in step 103, then the interference cancellation process in the 
second stage is finished. The cancellation on/off central 
controller 66 decides, in step 105, whether the reception 45 
quality of any one of the ICUs 43a-43c in the third stage is 
more degraded than the reception quality represented by the 
reception quality signals 14a-14c, If more degraded, then 
the cancellation on/off central controller 66 outputs, in step 
106, control signals 16 4 -16 6 for turning off an interference 50 
replica signal of the ICU whose reception quality is worst 
among the ICUs 42a-42c in the first stage. The processing 
in steps 105 and 106 is repeated until the third stage contains 
no blocks in which reception quality is degraded. 

If the third stage contains no blocks in which reception 55 
quality is degraded, then control goes from step 105 back to 
step 101. The reception quality by Eb/No and BER is thus 
supplied again from the ICUs 4lb~43c of all the blocks to 
the cancellation on/off central controller 66 in a given 
periodic cycle. 60 

If the monitored reception quality of the each user is 
improved beyond a certain level with time, then it is 
considered that the reception quality is improved also after 
the interference cancellation process has started. Therefore, 
the interruption of the interference cancellation process in a 65 
block which has been started in steps 104 and 106 is 
canceled in step 102. 



The processing in steps 101-106 is repeated to prevent the 
interference cancellation process that tends to degrade the 
reception quality from being performed. 

In the second embodiment, the cancellation on/off central 
controller 66 first obtains information indicative of which 
block suffers poor reception quality based on the reception 
quality signals 45 a -45 8 outputted from the ICUs 41fr-43c, 
and then decides whether the interference cancellation pro- 
cess in the ICUs in the block is to be interrupted or not. 
Therefore, the cancellation on/off central controller 66 
attains all information indicative of which block suffers poor 
reception quality and then makes an appropriate decision 
based on the information for controlling the turning on and 
off of the interference cancellation process in the ICUs in 
each of the blocks. 

In the illustrated second embodiment, if the reception 
quality of either one of the ICUs in a certain stage is more 
degraded than the reception quality measured by the pre- 
liminary demodulating stage, then the cancellation on/off 
central controller 66 turns off the interference replica signal 
in the ICU whose reception quality is worst among the ICUs 
in the stage that precedes the certain stage. However, since 
the interference cancellation processes performed in the 
respective blocks are related to each other, the above control 
process of the multiuser interference canceler may not 
necessarily be most effective in preventing the reception 
quality from being degraded. Accordingly, the second 
embodiment is not limited to the above control process, but 
may be arranged such that if the reception quality of either 
one of the ICUs in a certain stage is more degraded than the 
reception quality measure by the preliminary demodulating 
stage, then the cancellation on/off central controller 66 turns 
off the interference replica signal in the ICU in any preced- 
ing stage between the certain stage and the preliminary 
demodulating stage. 

Third Embodiment 

A DS-CDMA multiuser interference canceler according 
to a third embodiment of the present invention will be 
described below. The DS-CDMA multiuser interference 
canceler according to the third embodiment differs from the 
DS-CDMA multiuser interference canceler according to the 
first embodiment in that the ICUs Ha-13c according to the 
first embodiment are replaced with ICUs 91a-93c which are 
structurally different from the ICUs lla-13c. The arrange- 
ment of the ICU 92a, as an example of the ICUs 91a through 
93c, will be described below with reference to FIG. 9. Those 
parts of the DS-CDMA multiuser interference canceler 
shown in FIG. 9 that are identical to those shown in FIG. 5 
are denoted by identical reference numerals. 

The ICU 92a differs from the ICU 12a shown in FIG. 5 
in that it has a multiplier 35 in place of the on/off controller 
30 and a quality comparison controller 86 in place of the 
quality comparison controller 32. The quality comparison 
controller 86 outputs a control signal 85 3 for controlling the 
level of an outputted interference replica signal, rather than 
the control signal 15 3 for controlling the turning on and off 
of the interference cancellation process. The multiplier 35 
multiplies the output signal from the multiplier 29 by a 
coefficient a (0=a = l) represented by a control signal 85 4 
outputted from the ICU 926, and outputs the product as an 
interference replica signal 82a. 

The DS-CDMA multiuser interference canceler according 
to the third embodiment operates in exactly the same manner 
as with the DS-CDMA multiuser interference canceler 
according to the first embodiment by setting the coefficient 
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a to a=l or 0. Since the coefficient a is in the range of 
0=a^ 1, when the reception quality is close to a boundary 
of degradation in the quality, the interference cancellation 
process is not simply turned off, but the coefficient a is set 
to an intermediate value, e.g., 0.5, between 0 and 1 for 5 
making the reception quality more uniform. 

The control process performed by the DS-CDMA mul- 
tiuser interference canceler according to the present inven- 
tion is a feedback control process. Therefore, the DS-CDMA 
multiuser interference canceler controls the interference 10 
cancellation process immediately after the reception quality 
at a certain point in time, judging from the reception quality. 
Therefore, the control process necessarily suffers a delay. If 
the reception quality changes in short periodic cycles, then 
simply turning on and off the interference cancellation is 
process as in the first and second embodiments may not 
allow the interference cancellation process to follow the 
change in the reception quality, but may possibly degrade 
the reception quality. According to the third embodiment, 
however, when the reception quality changes, the 20 
DS-CDMA multiuser interference canceler initially sets the 
coefficient a to a value close to 0 and thereafter increases 
coefficient a with time. In this manner, the interference 
cancellation process is less susceptible to the effect of the 
delay in the control process. 25 

The above principle of the third embodiment is also 
applicable to the multiuser interference canceler according 
to the second embodiment. If the principle of the third 
embodiment is applied to the multiuser interference canceler 
according to the second embodiment, then the control sig- 30 
nals 16^-168 outputted from the cancellation on/off central 
controller 66 are made equal to the control signals 85 1 ^85 8 . 

In the above preferred embodiments of the present 
invention, the number of users is three and the number of 
stages is also three. However, the present invention is also 35 
applicable to a DS-CDMA multiuser interference canceler 
where the number of users is other than three and the number 
of stages is also other than three. 

According the present invention, as described above, even ^ 
when the signal reception environments are poor, such as 
when the Eb/No of the received signal is low or the received 
signal is degraded by time-dependent changes due to fading 
and external noise, the reception quality is prevented from 
being degraded by the interference cancellation process. 4S 

It is to be understood, however, that although the char- 
acteristics and advantages of the present invention have been 
set forth in the foregoing description, the disclosure is 
illustrative only, and changes may be made in the arrange- 
ment of the parts within the scope of the appended claims. 50 

What is claimed is: 

1. A DS-CDMA multiuser interference canceler for pro- 
cessing a received signal containing spread signals from a 
plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each ss 
user, comprising: 

a first stage comprising a plurality of series-connected 
blocks, each block including 

a respective first interference canceler unit, for gener- 
ating and outputting a respective interference replica 60 
signal which is substantially identical to respective 
signal components of respective users, and 

a respective first subtracting means for subtracting the 
respective interference replica signal from the 
received signal; 6 s 
a plurality of second stages comprising a plurality of 

series-connected blocks, each block including 
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a respective adding means for adding the respective 
interference replica signal generated in a preceding 
stage to signals from a preceding block, 
a respective second interference canceler unit for gen- 
erating a second interference replica signal which is 
substantially identical to the respective signal com- 
ponents of the respective user from output signals 
from said respective adding means, and 
except for the last block in the last stage, a respective 
second subtracting means for subtracting the second 
interference replica signal from the output signals 
from said respective adding means and outputting a 
differential signal; 
a plurality of decoding means for decoding symbols 

generated in a final one of said second stages; and 
a plurality of preliminary demodulating means for mea- 
suring a reception quality of the signals of the users 
contained in the received signal; 
each of said interference canceler units, except a first 
interference canceler unit in the first block in the first 
stage, comprising means for controlling an interference 
canceler unit in the preceding block to turn off the 
outputting of the respective interference replica signal 
if the reception quality of output signals from the 
preceding block is more degraded than the reception 
quality of the signals of the users measured by said 
preliminary demodulating means. 
2. A DS-CDMA multiuser interference canceler for pro- 
cessing a received signal containing spread signals from a 
plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 
user, comprising: 

a first stage comprising a plurality of series connected 
blocks each block including 

a respective first interference canceler unit for gener- 
ating and outputting a respective interference replica 
signal which is substantially identical to respective 
signal components of a respective user, and measur- 
ing a reception quality of the signals of the respective 
user, and 

a respective first subtracting means for subtracting the 
respective interference replica signal from the 
received signal; 
a plurality of second stages comprising a plurality of 

series-connected blocks each block including 

a respective adding means for adding the respective 
interference replica signal generated in a preceding 
stage to signals from a preceding block, 

a respective second interference canceler unit for gen- 
erating a second interference replica signal which is 
substantially identical to the respective signal com- 
ponents of the respective user from output signals 
from said respective adding means and measuring 
the reception quality of the signals of the respective 
user, 

and except for the last block in the last stage, a 
respective second subtracting means for subtracting 
the second interference replica signal from the output 
signals from said respective adding means and out- 
putting a differential signal; 
a plurality of decoding means for decoding symbols 

generated in a final one of said second stages; 
a plurality of preliminary demodulating means for mea- 
suring the reception quality of the signals of the users 
contained in the received signal; and 
cancellation on/off central control means for controlling a 
particular interference canceler unit in any one of the 
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stages but the last stage to turn off the outputting of the 
respective interference replica signal if the reception 
quality measured by a particular second interference 
canceler unit is more degraded than the reception 
quality measured by said preliminary demodulating s 
means, until the reception quality measured by all the 
interference canceler units in the same stage as the 
particular interference canceler unit is better than the 
reception quality measured by said preliminary 
demodulating means. 10 

3. The DS-CDMA multiuser interference canceler accord- 
ing to claim 2, wherein the particular interference canceler 
unit is the interference canceler unit, whose reception quality 
is the worst in the stage including the particular interference 
canceler unit 15 

4. A DS-CDMA multiuser interference canceler for pro- 
cessing a received signal containing spread signals from a 
plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 
user, comprising: 20 

a first stage comprising 

a plurality of first interference canceler units for gen- 
erating and outputting respective interference replica 
signals which are substantially identical to signal 
components of the users, and measuring a reception 25 
quality of the signals of the users, 

first adding means for adding said respective interfer- 
ence replica signals, and 

first subtracting means for subtracting an output signal 
of said first adding means from the received signal; 30 
a plurality of second stages comprising 

a plurality of second adding means for adding respec- 
tive interference replica signals of the users gener- 
ated in a preceding stage to signals output from a 
subtracting means from a preceding block, 

respective second interference canceler units for gen- 
erating respective second interference replica signals 
which are substantially identical to the signal com- 
ponents of the users from output signals from said 
second adding means and measuring the reception 40 
quality of the signals of the users, 

respective third adding means for adding the respective 
second interference replica signals and 

respective second subtracting means for subtracting an 
output signal of said third adding means from the 45 
received signal and outputting a differential signal to 
a next stage; 

a plurality of decoding means for decoding symbols 
generated in a final one of said second stages; 5Q 

a plurality of preliminary demodulating means for mea- 
suring reception quality of the signals of the users 
contained in the received signal; and 

cancellation on/off central control means for controlling a 
particular interference canceler unit in any one of the 55 
stages but the last stage to turn off the outputting of the 
respective interference replica signal if the reception 
quality measured by a particular second interference 
canceler unit is more degraded than the reception 
quality measured by said prelirninary demodulating 60 
means, until the reception quality measured by all the 
interference canceler units in the same stage as the 
particular interference canceler unit is better than the 
reception quality measured by said preliminary 
demodulating means. 65 

5. The DS-CDMA multiuser interference canceler accord- 
ing to claim 4, wherein the interference canceler unit, whose 
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reception quality is the worst in the stage including the 
particular interference canceler unit. 

6. A DS-CDMA multiuser interference canceler for pro- 
cessing a received signal containing spread signals from a 
plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 
user, comprising: 

a first stage comprising a plurality of series-connected 
blocks, each block including 

a respective first interference canceler unit for gener- 
ating and outputting a respective interference replica 
signal which is substantially identical to respective 
signal components of respective users, and 
respective first subtracting means for subtracting the 
respective interference replica signal from the 
received signal; 
a plurality of second stages comprising a plurality of 
series-connected blocks, each block including a respec- 
tive adding means for adding the respective interfer- 
ence replica signal generated in a preceding stage to 
signals from a preceding block, 
a respective second interference canceler unit for gen- 
erating a second interference replica signal which is 
substantially identical to the respective signal com- 
ponents of the respective user from output signals 
from said respective adding means, and 
except for the last block in the last stage, a respective 
second subtracting means for subtracting the second 
interference replica signal from the output signals 
from said respective adding means and outputting a 
differential signal; 
a plurality of decoding means for decoding symbols 

generated in a final one of said second stages; and 
a plurality of preliminary demodulating means for mea- 
suring a reception quality of the signals of the users 
contained in the received signal; 
each of said interference canceler units except for a first 
interference canceler unit in a first block in a first stage, 
comprising means for controlling an interference can- 
celer unit in the preceding block to reduce an output 
level of the respective interference replica signal if the 
reception quality of output signals from the preceding 
block is more degraded than the reception quality of the 
signals of the users measured by said preliminary 
demodulating means. 

7. A DS-CDMA multiuser interference canceler for pro- 
cessing a received signal containing spread signals from a 
plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 
user, comprising: 

a first stage comprising a plurality of series-connected 
blocks each block including 

a respective first interference canceler unit for gener- 
ating and outputting a respective interference replica 
signal which is substantially identical to respective 
signal components of the respective user, and mea- 
suring a reception quality of the signals of the 
respective user, and 

a respective first subtracting means for subtracting the 
respective interference replica signal from the 
received signal; 
a plurality of second stages comprising a plurality of 

series-connected blocks, each block including 

a respective adding means for adding the respective 
interference replica signal generated in a preceding 
stage to signals from a preceding block, 
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a respective second interference canceler unit for gen- 
erating a second interference replica signal which is 
substantially identical to the respective signal com- 
ponents of the respective user from output signals 
from said respective adding means and measuring 5 
the reception quality of the signals of the respective 
user, and 

except for the last block in the last stage, a respective 
second subtracting means for subtracting the inter- 
ference replica signal from the output signals from 10 
said respective adding means and outputting a dif- 
ferential signal; 
a plurality of decoding means for decoding symbols 

generated in a final one of said second stages; 
a plurality of preliminary demodulating means for mea- 15 
suring the reception quality of the signals of the users 
contained in the received signal; and 
cancellation on/off central control means for controlling a 
particular interference canceler unit in any one of the 2Q 
stages but the last stage to reduce an output level of the 
respective interference replica signal if the reception 
quality measured by a particular second interference 
canceler unit is more degraded than the reception 
quality measured by said preliminary demodulating 2$ 
means, until the reception quality measured by all the 
interference canceler units in the same stage as the 
particular interference canceler unit is better than the 
reception quality measured by said preliminary 
demodulating means. 3Q 

8. The DS -CDMA multiuser interference canceler accord- 
ing to claim 7, wherein the particular interference canceler 
unit is the interference canceler unit, whose reception quality 
is the worst in the stage including the particular interference 
canceler unit. 

9. A DS-CDMA multiuser interference canceler for pro- 
cessing a received signal containing spread signals from a 
plurality of users to remove signals of other users from a 
signal of each user and thereafter decode the signal of each 
user, comprising: 

a first stage comprising 

a plurality of first interference canceler units for gen- 
erating and outputting respective interference replica 
signals which are substantially identical to signal 
components of the users, and measuring a reception 45 
quality of the signals of the users, 

first adding means for adding said respective interfer- 
ence replica signals, and 

a first subtracting means for subtracting an output 
signal of said first adding means from the received 
signal; 



35 



40 



a plurality of second stages comprising 

a plurality of second adding means for adding respec- 
tive interference replica signals of the users gener- 
ated in a preceding stage to signals output from a 
subtracting means from a preceding stage, 

respective second interference canceler units for gen- 
erating respective second interference replica signals 
which are substantially identical to the signal com- 
ponents of the users from output signals from said 
second adding means and measuring the reception 
quality of the signals of the users, 

respective third adding means for adding the respective 
second interference replica signals and 

respective second subtracting means for subtracting an 
output signal of said third adding means from the 
received signal and outputting a differential signal to 
a next stage; 

a plurality of decoding means for decoding symbols 
generated in a final one of said second stages; 

a plurality of preliminary demodulating means for mea- 
suring reception quality of the signals of the users 
contained in the received signal; and 

cancellation on/off central control means for controlling a 
particular interference canceler unit in any one of the 
stages but the last stage to reduce an output level of the 
respective interference replica signal if the reception 
quality measured by a particular second interference 
canceler unit is more degraded than the reception 
quality measured by said prehminary demodulating 
means, until the reception quality measured by all the 
interference canceler units in the same stage as the 
particular interference canceler unit is better than the 
reception quality measured by said preliminary 
demodulating means. 

10. The DS-CDMA multiuser interference canceler 
according to claim 9, wherein the particular interference 
canceler unit is the interference canceler unit whose recep- 
tion quality is the worst in a stage including the particular 
interference canceler unit. 

11. The DS-CDMA multiuser interference canceler 
according to claim 1, wherein said reception quality com- 
prises Eb/No. 

12. The DS-CDMA multiuser interference canceler 
according to claim 1, wherein said reception quality com- 
prises bit error rate of a pilot symbol. 

13. The DS-CDMA multiuser interference canceler 
according to claim 1, wherein said reception quality com- 
prises Eb/No and bit error rate of a pilot symbol. 
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